Abstract: Background: Season and weather are associated with many health outcomes, which can influence hospital admission rates. We examined associations between hospital admissions (all diagnoses) and local meteorological parameters in Southwestern Uganda, with the aim of supporting hospital planning and preparedness in the context of climate change. Methods: Hospital admissions data and meteorological data were collected from Bwindi Community Hospital and a satellite database of weather conditions, respectively (2011 to 2014). Descriptive statistics were used to describe admission patterns. A mixed-effects Poisson regression model was fitted to investigate associations between hospital admissions and season, precipitation, and temperature. Results: Admission counts were highest for acute respiratory infections, malaria, and acute gastrointestinal illness, which are climate-sensitive diseases. Hospital admissions were 1.16 (95% CI: 1.04, 1.31; p = 0.008) times higher during extreme high temperatures (i.e., >95th percentile) on the day of admission. Hospital admissions association with season depended on year; admissions were higher in the dry season than the rainy season every year, except for 2014. Discussion: Effective adaptation strategy characteristics include being low-cost and quick and practical to implement at local scales. Herein, we illustrate how analyzing hospital data alongside meteorological parameters may inform climate-health planning in low-resource contexts.
Introduction
Counts of hospital admissions have been associated with a variety of environmental factors, including seasonal and meteorological parameters [1, 2] . However, the direction and magnitude of the associations vary globally [1, 3] . In the context of climate change adaptation [4] , these geo-spatial variances matter, as effective climate change adaptation often requires localized and context-specific actions [5] [6] [7] [8] . For this reason, it is important to document and understand localized associations between meteorological parameters and hospital admissions as a potential way to inform planning and preparedness measures that can support climate change adaptation in the healthcare sector [3, 4, 9, 10] .
Research investigating associations of seasonal and meteorological parameters with hospital admissions has predominantly focused on high-income regions, including North America and Europe [3, 11] . Some research is available for low-income regions [1, 12] , including Africa [13] . Of the little research on seasonal and meteorological associations with hospital admissions that has been conducted in Africa, much has focused on specific health outcomes, which vary by host, environment, and agent. For example, in East Africa, warm temperatures were associated with increases in cholera epidemics [14] and hospital admissions for malaria [4] . In contrast, cold temperatures were associated with increases in hospital admissions for heart failure [10] and hypertension in Nigeria [10, 15] , and for preeclampsia in South Africa [16] . African rainy seasons have been linked to increases in hospital admissions for hypertension in Nigeria [10, 15] , and to pneumonia, malnutrition, and snake bites in Zambia [9] . Furthermore, the incidence of other diagnoses, such as diarrhea and malnutrition [17] , and hospital admissions for respiratory syncytial virus (RSV) [18] , have been associated with increased precipitation. Dry seasons have been linked to hospital admissions for some respiratory illnesses and coughing [19] . Moreover, the association of meteorological parameters with hospital admissions for a particular disease may vary by climate region [12] . For example, in Gambia, the direction of the association between temperature and RSV admissions depended on whether the region is a temperate or tropical climate, while the association between precipitation and RSV was consistent regardless of climate region [18] . Therefore, associations between disease and meteorological parameters identified in a number of African studies tend to be locally specific and vary by health outcomes, and little is known about the collective impact (i.e., overall influence) of meteorological or seasonal parameters on hospital admissions for all diagnoses.
Understanding how hospital admissions are currently associated with meteorological parameters at local scales may help the healthcare sector understand how health outcomes could be impacted under different climate change scenarios in the future [20, 21] , as well as inform localized climate-ready planning, such as staff and financial resource allocation in the nearer-term [6] . Climate-related planning is particularly important in East Africa, a region that has been identified as highly vulnerable to climate change [19, 22, 23] , where climate change is anticipated to exacerbate already present health challenges in often stressed health systems [19, 21, 24] . As such, researchers, policy makers, and health service providers have called for regionally-specific studies to characterize how meteorological parameters and season are associated with health outcomes to support effective climate change adaptation in the healthcare sector [1, 3] , with evidence particularly needed to inform decision making in African countries [13, 21] .
While other studies examine associations of a single diagnosis with season and meteorological parameters, we intentionally focus on hospital admission counts for all diagnoses, using a case study in Uganda to explore overall primary healthcare service provision demands, and discuss our findings in the context of climate change adaptation for the healthcare sector. The goal of this study was to investigate associations of seasonal and meteorological parameters (i.e., weather data) with hospital admission counts for all diagnoses in Kanungu District, Uganda. Specifically, the objectives of this study were to: (i) Describe admissions to the hospital by diagnoses; and (ii) examine associations of hospital admissions for all diagnoses with seasonal and meteorological parameters.
Methods

Study Location
Uganda is located within the East African Plateau and has eight key features that influence climate: Latitude, altitude, physical shape of the lands, winds, vegetation, water bodies, and the influence of humans [25] . Generally, Uganda's climate is warm and tropical, but high altitude regions are cooler [22] . Notable climatic changes in Uganda over the last 50 years include increases in temperature, number of hot days, and number of hot nights, as well as decreases in number of cold days [22] . Recent research demonstrated that from 1993-2016, average monthly maximum temperature in Uganda has increased 0.7 to 1.2 • C and average minimum monthly temperature has increased 1.0 to 1.1 • C [21] . There is also evidence that climate change is causing decreased annual rainfall, with small, but significant, increases in frequency and intensity of heavy rainfall events [22] .
Kanungu District is located in the southwestern region of Uganda, bordered to the West by the Democratic Republic of the Congo, and to the North by Lake Edward, with smaller lakes, rivers, and ponds throughout ( Figure 1 ). Kanungu District ranges from 0.44 • S to 1.07 • S latitude and has a relatively high altitude of approximately 1300 m [26] , resulting in a highly varied geography that includes mountainous and flatter regions, as well as rain forest and savannah regions. Kanungu District has an estimated population size of 252,000 residents [27] , which includes ethnic groups, such as the Bakiga [28] , as well as a minority group of Indigenous Batwa [29] . 
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Meteorological data were collected via satellite through a partnership with researchers at McGill University from the European Centre for Medium-Range Weather Forecasts Re-analysis (ERA)-Interim Climate Database [34] , which combined data from multiple sources. The ERA-Interim climate databases have spatial resolution of 0.75 • by 0.75 • [34] . Daily values for total precipitation (i.e., rainfall (mm)), as well as maximum, minimum, and average temperature ( • C) were obtained for all dates matching the extracted medical records (i.e., 1 January 2011 to 31 December 2014). Meteorological values extracted from the database were used to automatically generate dichotomous variables for extremely low and extremely high daily values (i.e., 5th and 95th percentiles, respectively) for precipitation; maximum, minimum, and average temperature; as well as temperature difference on a given day (i.e., difference between maximum and minimum temperature). Meteorological data were merged with clinical data for the date of admission (i.e., day zero), and lags of one to seven days were generated automatically for each meteorological variable [2] . Short lags have been recommended for this type of analysis to avoid introducing collinearity between meteorological and seasonal variables [2] . Season was categorized as rainy or dry based on date: rainy seasons were defined as March to June and September to November, and dry seasons were defined as December to February and July to August [22] . Hospital admission records were collapsed into daily counts by ward (i.e., each observation represented a count of admissions into out-patient, pediatric, or adult in-patient wards on a given date).
Analyses
Descriptive Statistics
To describe admissions to the hospital by diagnoses (objective 1) and to provide context for the results overall, descriptive statistics were conducted as in other studies [1, 3, 12, 35] . Specifically, Descriptive statistics were used to investigate BCH admission counts by ward, age group (i.e., <5 years, 6-12 years, 13-18 years, and >55 years), and sex. Counts and frequencies of admissions were tabulated. The denominator for hospital admission counts was held constant, as the population eligible to use the hospital did not change. The population in this region is not migratory and there were no other reasons for substantial changes in the population denominator from 2011-2014. Counts of diagnoses recorded more than 500 times in the database were tabulated by ward. Descriptive statistics were calculated for meteorological variables, providing further context to interpret the results.
Regression Analyses
Two multivariable linear regressions were used to examine the effect of season and year on (1) average daily temperature, and (2) total daily precipitation. Global significance tests were used to test the overall significance of categorical variables. Two-way cross-products (i.e., interactions) were assessed between season and year. Assumptions of linear regression were assessed, including linearity of continuous independent variables, normality, and homoscedasticity.
To examine associations of hospital admissions for all diagnoses with seasonal and meteorological parameters (objective 2), regression analyses were conducted. Specifically, multilevel, multivariable Poisson regressions were used to examine if daily number of admissions for all diagnoses were associated with meteorological variables. Multilevel multivariable Poisson modeling was selected as the outcome was count data, a random effect was used to control for time, and the effect of weather on admissions was adjusted using multivariable analyses, which is similar to methods used by other climate-health research [36] [37] [38] . To build the multivariable models, a number of steps were followed sequentially. First, a causal diagram was created: the outcome variable was counts of hospital admissions per day, where the denominator was held constant as the number of people eligible to use the hospital (i.e., the hospital services a population of 100,000 people in Kanungu District [31] ); the exposure variables of interest were meteorological parameters (i.e., four meteorological parameters and 5th and 95th percentile for each for day of admission and 7 days lag); and confounders (identified a priori) included season, year, and treatment ward. Confounders were forced into the models. Next, independent variables were examined using descriptive statistics. Pearson correlation coefficients were used to identify any collinearity between independent variables using a cut-point of |0.8|; if high correlations were noted between two independent variables, the variable selected for subsequent analyses was based on biological plausibility. Next, locally weighted scatter-plot smoothers were used to visually explore linearity between continuous independent variables and the outcome, and categorized if appropriate. Then, a manual forward-model building approach was used to build a multivariable Poisson regression model [35] . A series of univariable Poisson regressions were conducted to examine the unconditional association between the outcome variable and each independent variable using a liberal alpha-value (α = 0.20). All variables with p < 0.20 were added manually and sequentially to the model, beginning with the variable that had the lowest statistical significance p-value. Variables were removed if p > 0.05 and put back into the final model following step-wise procedures to re-examine associations before final exclusion [35] . Global significance tests were used to evaluate the statistical significance of categorical variables as a group. Interactions (i.e., cross-products) were examined based on biologically plausible combinations of independent variables. Biologically plausible interactions included interactions between meteorological parameters within one day of each other (i.e., on the same day or the day before or after) and between season and year. Autoregressive structures were investigated using graphical techniques (i.e., partial auto-correlation plots) and compared. Assessments of model fit performed on the multilevel model included examining residual plots, best linear unbiased predictor (BLUP) plots, and partial autocorrelation plots. Analyses were conducted in Stata ® (version 13.1, Stata Corp, College Station, TX, USA) using a standard alpha-value (α = 0.05) unless otherwise stated. In addition to multilevel Poisson models, ordinary Poisson and negative binomial models were fitted. However, based on evaluating Bayesian Information Criteria for each model, the multilevel Poisson model provided the best fit.
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Results
Description of Hospital Admissions and Meteorological Data
A total of 41,216 hospital admission records were collected from BCH between 1 January 2011 to 31 December 2014, of which 3294 were adult in-patient admissions, 5736 were pediatric in-patient admissions, and the remaining 32,186 were out-patient admissions. Females accounted for 54.6% of pediatric in-patient records and 44.0% of adult in-patient admissions; records of sex were incomplete for out-patients. The majority of patients (n = 29,261; 71.0%) presented with a single diagnosis, with an average of 1.3 (range: 1-14) diagnoses per hospital admission. The majority of all hospital admissions were adults (i.e., ages 19-55 years old; 41.1%), followed by children (i.e., ages 0-5 years old; 20.9%). Hospital admissions were rarely identified as a re-admission to the hospital for the same diagnosis (n = 87; i.e., 0.2% of cases were readmissions). Approximately half of the records for the pediatric ward and adult in-patient wards were manually entered to fill gaps in the database; however, since the out-patient department accounted for the majority of admissions, less than 10% of the total data were missing in the original database.
Admissions varied by ward, with an average of 3.0 new admissions per day on the adult in-patient ward, 3.8 new admissions per day on the pediatric ward, and 30.3 new admissions per day on the out-patient ward.
Maximum daily admissions were highest on the out-patient ward (141 new admissions on a single day), lower on the pediatric ward (51 new admissions on a single day), and lowest on the adult in-patient ward (15 new admissions on a single day).
The most common diagnoses for the out-patient ward, the pediatric ward, and for all wards combined were acute respiratory infection, followed by malaria, and acute gastrointestinal illness (Figure 2 ). For the adult in-patient ward, the three most common diagnoses were malaria, trauma, and acute gastrointestinal illness. pediatric ward and adult in-patient wards were manually entered to fill gaps in the database; however, since the out-patient department accounted for the majority of admissions, less than 10% of the total data were missing in the original database. Admissions varied by ward, with an average of 3.0 new admissions per day on the adult inpatient ward, 3.8 new admissions per day on the pediatric ward, and 30.3 new admissions per day on the out-patient ward. Maximum daily admissions were highest on the out-patient ward (141 new admissions on a single day), lower on the pediatric ward (51 new admissions on a single day), and lowest on the adult in-patient ward (15 new admissions on a single day).
The most common diagnoses for the out-patient ward, the pediatric ward, and for all wards combined were acute respiratory infection, followed by malaria, and acute gastrointestinal illness (Figure 2 ). For the adult in-patient ward, the three most common diagnoses were malaria, trauma, and acute gastrointestinal illness. Daily average temperature ranged from 17.1 to 23.7 °C, maximum daily temperature ranged from 18.6 to 30.6 °C, while minimum daily temperature ranged from 13.2 to 19.5 °C over the four year study period. Daily temperature difference ranged from 0.0 to 14.3 °C (median: 7.8 °C). Average daily temperature increased each year from 2011 to 2014 (average daily temperature was 17.9 °C in 2011; 18.1 °C in 2012; 18.5 °C in 2013; and 18.6 °C in 2014). Daily total precipitation ranged from 0.0 to 44.8 mm (median: 1.8 mm). Average daily total rainfall varied less than 1 mm from 2011-2014 (yearly average range: 3.22 to 3.56 mm/day), with no significant trends over time.
Trends in Meteorological Variables
When controlling for season, the average daily temperature increased year-over-year (p < 0.001). 
When controlling for season, the average daily temperature increased year-over-year (p < 0.001). higher in the dry season than the wet season, after controlling for year. In a second linear regression, there was no significant change in precipitation by year (p = 0.188). Total daily rainfall in the dry season was, on average, 1.78 mm lower than in the wet season (p < 0.001, 95% CI: 1.51 to 2.05 mm).
Associations between Hospital Admissions and Meteorological Parameters
The best fitting model was a multilevel Poisson regression model with random effects for day and for month (Table 1) . There was a significant interaction between season and year (i.e., the association between season and hospital admissions depended on year). Specifically, admissions were higher in the dry season than the rainy season, except in 2014 (Table 2) . Finally, when controlling for season, year, ward, and the interaction between season and year, the rate of admissions for all diagnoses was significantly higher when the average temperature was extremely high (i.e., 95th percentile (22.3 to 29.7 • C)) on the day of admission. That is, admissions for all causes were higher on extremely warm days, contributing to an increase in average admissions from 37.1 patients per day to 43.0 patients per day. + A multilevel mixed-effects Poisson regression, including random effects for month and day. Standard error of the month random-effect = 0.230, standard error of the day random-effect = 0.012. Offset: Held constant as the total population eligible to use the hospital (i.e., 100,000 people). * Incidence rate ratio (IRR) calculated as the exponentiated coefficient. The hospital admissions model fit the data well and the partial autocorrelation plot indicated that there was no residual temporal auto-correlation. The plot of BLUPs for month indicated they were non-parametric (i.e., not normal); however, the model fit was substantially better (i.e., lower BIC) with a random-effect for month than without, thus, the random-effect for month was maintained in the model.
Discussion
This study aimed to investigate associations of seasonal and meteorological parameters with hospital planning admissions for all diagnoses in Kanungu District, Uganda, in the context of hospital planning for climate change. Calls for policy action from the East Africa Planning for Resilience in East Africa Through Policy, Adaptation, Research, and Economic Development Project have highlighted the need for research to understand climate-sensitive diseases in this region [21] . Similar to other studies from the African continent, communicable diseases were the leading reasons for admissions at BCH [39] . The most common diagnoses at BCH (i.e., acute respiratory infections [9] , acute gastrointestinal illness [40] , and malaria [41] ) are highly climate-sensitive diseases, and have been identified as top climate-health concerns by community members [19, 28] and policy makers [21] in this region. Climate-sensitive diseases are of particular interest to inform climate adaptation for the healthcare sector [42] , as they reflect the most probable, and likely most substantial, changes to the burden of illness to come. However, sufficient information on climate-sensitive diseases to inform climate change adaptation is limited, and access is often complicated in low resource regions, such as East Africa [21, 43] .
Climate change projections for Africa consistently project increased temperature across 121 models, showing an increase in average annual temperature ranging from 1 to 7 • C by the year 2100 [23] . Our short-term meteorological findings in Southwestern Uganda reflect this warming trend, with average annual temperature increasing by 0.6 • C, over the four year study period. In Uganda, projections indicate temperatures will continue to increase [23] , which has relevance for our findings [22, 23] . High temperature (i.e., above the 95th percentile) was positively associated with same-day admissions, which is consistent with research findings from other tropical African communities at high altitudes [4] . It is possible that the altitude and forest cover in this region, which have a moderating effect on temperature [25] , has resulted in locally relative cold temperature adaptation of residents in this area [1, 12] . Furthermore, heat related climate change adaptation strategies like air conditioning and fans [44] are not feasible or available to the majority of residents in Southwestern Uganda, which can increase admissions to hospital for a variety of causes [3] . This highlights the importance of accounting for local contextual variables in climate change adaptation, which is essential for effective anticipatory adaptation [6, 43] . Local information is critical for climate change adaptation planning, since variability of processes and relationships increases at small scales [8] . This type of research can inform localized planning, such as developing and implementing early warning systems and informing planning processes, in both high-income and low-income regions, as well as contribute to the implementation of adaptation planning [45] . Supporting and improving healthcare centres is considered to be one of the most effective measures to increase climate resilience in the short-term [46] .
We found significant differences in average daily temperature by year and by season, suggesting there may be variability in seasonal conditions year-to-year, which is in concordance with other regional climate analyses [21] . Specifically, we observed significant increases in temperature on a short time scale [47] . We did not observe an effect of year on precipitation in this study period; however, longer periods may show a change in precipitation patterns in the future. Since seasons were defined by historical precipitation patterns [22] , the main effect of season on rainfall was expected.
We also found that admissions to the hospital were associated with an interaction (i.e., cross-product) between season and year, indicating that the effect of season on hospital admissions depends on the year in this region. As climate change progresses, seasonal variability is projected to increase [21] [22] [23] , which could modify historic seasonal trends in disease occurrence and hospital access [21] .
Climate change adaptation in the health sector in low-resource settings is often difficult, contributing to a significant adaptation deficit [43] . Numerous barriers to climate change adaptation have been identified in the Sub-Saharan African context: physical, financial, technical, social, informational, institutional and governmental, and historical, among others [43] . In response, in Uganda, successful adaptation strategies have been built on bottom-up community-based initiatives [48] , had available human and financial resources to support adaptation, and had the ability to access useful and relevant information when needed [43, 49, 50] . In our study, we attempted to build on previous lessons learned for adaptation in Uganda by using existing datasets for hospital admissions and meteorological data, which was relatively low-cost. Furthermore, we aimed to facilitate stakeholder involvement and bidirectional communication, building on evidence that this contributes to successful adaptation [43, 51] . Finally, by recognizing the importance of scale in health sector climate change adaptation [6] , we focused on reaching local priorities to increase institutional support [43] . As such, investigating patterns in local meteorological parameters and hospital admissions may be beneficial for climate relevant hospital planning at local scales in low-resource contexts [6] . Understanding these context-specific relationships could be useful to improve preparedness [20] , and could support shifting from reactive to anticipatory climate change adaptation for the health sector [7, 52] .
Some study limitations should be considered. First, this research was conducted at a local hospital, which functioned on a fee-for-service model. Thus, sampling bias should be considered with regards to vulnerable sub-populations, particularly those in the lowest income brackets [19, 28] , as they may be unintentionally excluded from analysis. This means that the results reflect relationships between seasonal and meteorological parameters and hospital admissions, but may not represent the relationships with disease patterns at the community-level. However, we sought to examine healthcare service provision demands to inform adaptation planning and not to describe community health status. Second, percentiles rather than thresholds for extreme temperatures were used in this research to identify local temperature extremes, which can make comparisons to disease incidence estimated in other studies difficult. By utilizing percentiles to identify locally relevant temperature extremes, we have addressed concerns from previous work that populations living in tropical climates have a higher threshold for heat tolerance [12] . Third, the data used for this research were only complete after the secondary data collection processes where researchers back-filled gaps in the electronic database from paper records. This data collection was conducted a priori, and thus would not have biased the results. Further, it is worth noting that the data used to backfill gaps in the electronic database were still recorded in the same way as the original records, at the same time and by the same staff members, and that only data entry into the electronic database was conducted by the research team. Fourth, this dataset represents a short time series (i.e., four years) and thus does not represent associations between hospital admissions and long-term climate or climate change parameters. Additionally, while the seasonal changes in hospital admissions at BCH could reflect disease epidemiology [9, 10, 15, 19] , it could also be explained by hospital accessibility. For instance, some factors that affect hospital access in low-income regions may change by season and/or year, including household income [17, [53] [54] [55] , road conditions [53] [54] [55] , time availability [53] , stigma [53, 56] , lack of available information about healthcare services [56] , long wait times [53] , sub-optimal interactions with healthcare providers [53] , insecurity at night [57] , living in rural areas [54] , and/or poorly equipped facilities [57] . Fifth, while regression models, such as the mixed-effects Poisson regression used in this study, are commonly used in climate health research [3, 12] , these modeling strategies do not account for political and contextual factors that would further influence hospital admission patterns or future uptake of this information in Ugandan and international climate-health adaptation planning sectors. Therefore, socio-economic pathways and decision making also impact health outcomes and should be considered when discussing application of these results to inform future hospital planning in low-resource areas. Finally, while there is sufficient biological plausibility to explain an association of high temperature with hospital admissions, since we assessed a relatively large number of variables it is worth noting that our findings could also align with statistical chance, due to Type 1 (α) error, where the null hypothesis was that meteorological predictors were not associated with hospital admissions.
Conclusions
Availability and application of information for climate adaptation is limited in Uganda [43, 49, 50] , particularly in the healthcare sector [21] . Analyses of existing healthcare use and meteorological datasets may provide additional information for hospital planning in the context of climate change in low-resource settings. Since climate change is a key concern and recognized vulnerability in Uganda, adaptation for localized environmental change and its impacts on health are crucial for healthcare providers. Healthcare planning at hospitals and health centers may be informed by an analytical tool that provides a low-cost and feasible opportunity to apply knowledge of local relationships between meteorological parameters and health while simultaneously considering common adaptation barriers in low-resource settings.
Climate-sensitive health outcomes comprise a substantial health burden [45] , and thus, understanding relationships between weather and health may provide useful information for adaptive planning in localized-contexts globally. By integrating this type of information into hospital planning and climate change preparedness plans, healthcare facilities may be more equipped to deal with future influxes of patients. 
